ABSTRACT: While oil prices raise and the supply remains unsteady, it may be beneficial to use the high content of energy available in food processing wastes, such as cheese whey waste, by converting it to bioenergy. As well, there have been many new waste biotreatment technologies developed recently, which may well be used directly to food processing wastes. Microbial fuel cell represents a new technology for simultaneous use of waste materials and bioelectricity generation. In this study, bioelectricity generation with whey degradation was investigated in a twochamber microbial fuel cell with mediators. E.coli was able to use the carbohydrate found in whey to generate bioelectricity. The open-circuit voltage in absence of mediator was 751.5mV at room temperature. The voltage was stable for more than 24 h. Riboflavin and humic acid were used as conceivable mediators. The results showed that humic acid was a few times more effective than Riboflavin. Additionally, four chemicals employed as catholyte. Based on polarization curve, FeCl 3 (É É É) was the best. Maximum power generation and current were 324.8 ì W and 1194.6ìA, respectively.
INTRODUCTION
Various waste types of food industries have been generated in twenty-first century. The environmental upshots of these are earnest patch tending unprocessed because of their inebriated Chemical oxygen demand (COD) values. It is obvious that bioenergy can be extracted through breaking the chemical bonds of the wastes. The waste disposal costs and impacts on the environment will be reduced by doing this simultaneously. Due to oil price and unbalance of its supplies, it may be beneficial to use the eminent energy values in substance of processing wastes, such as cheese whey waste, by bioconverting it to alternative energy. Moreover, there have been several new waste treatment methods or systems developed recently, which may be applied directly to food processing waste. One of these proper technologies is Microbial fuel cell (MFC). This technology traverses its minority scene as research and development. (Perkins, 2002; Chaudhuri and Lovley, 2003; Logan, 2005; Rabaey and Verstraete, 2005b; Chien and Shih, 2007; Venkata Mohan et al. 2007; Venkata Mohan et al., 2008) . MFC is a device that catalyzes the bioconversion of organic matter into bioelectricity by organisms like bacteria (Suzuki et al., 1978; Wingard et al., 1982; Allen and Bennetto, 1993; Kim et al., 2002; Bond and Lovley, 2003; Gil et al., 2003; Liu et al., 2004; Goho, 2004; Oh et al., 2004) . There is an ardency need in the world today for alternative forms of bioenergy production. This research applied MFC technology to generate bioenergy. While the technology of MFC is not new, recent developments have brought the technology to a more prosperous and practical step. A group of researchers has appraised the effect of different substrates on the performance of microbial fuel cell (Chae et al., 2009) . Electrons produced by the bacteria are conveyed to the anode electrode and flow to the cathode ones linked by a conductive material containing a resistor or operated under a load. Electrons are able to be transferred to the anode by mediators, shuttles (Rabaey et al., 2004; Rabaey et al., 2005a) and nanowires (Beveridge, 2004; Reguera et al., 2005) . Some Chemical mediators, such as neutral red , anthraquinone-2-6, disulfonate (AQDS), thionin, potassium ferricyanide (Bond et al., 2002) and methyl viologen (Logan, 2004) were used to increase the efficiency of power generation in MFCs.
In most MFCs characteristically in two-chamber one, the reached electrons in cathode compartment combine with diffused protons from the anode compartment via a membrane and oxygen originated from atmosphere. Hence, the aftereffect is water formation (Kim et al., 1999; Kim et al., 2002; Min and logan, 2004) . A group of researchers substantiated the unnecessary action of exogenous electron mediators adding to a culture in MFCs (Jang et al., 2004; Rabaey et al., 2004; Rabaey et al., 2005b) . These self-produced mediators, such as pyocyanin that is elicited by Pseudomonas aeruginosa, are able to transfer emancipated electrons to an electrode and produce bioelectricity in MFCs (Rabaey et al., 2004) . Such compounds also exhibit the characterization of antibiotics. Thus, one main reason for conclusion of these compounds from the angle may be as respiratory inhibitors or toxins emancipation (Hernandez et al., 2004; Voggu et al., 2006) . Additionally, multifarious types of electron mediators were applied in MFC to improve the electron transfer efficiency while they are conventionally high-priced and not applicable to be used in commercialscale and they can be noxious to living organism for extendable lifetimes (Gil et al., 2003) . The goal of the present research was to ascertain MFCs for power generation using the treated whey as substrate with the least operational manipulation and four cathodic electron acceptors (catholyte). The performance of present MFC for power production using two mediators was investigated. The main goal of the present study was to investigate the bioconversion of treated whey to bioelectricity using E.coli in the anode chamber of MFC. The research work was carried out during 2009 to 2010 at Biotechnology laboratory in the Department of Chemical Engineering, Noshirvani University of Technology, Babol mostly by corresponding author's private and own funds and partially at Islamic Azad University, Science and Research branch, Department of Engineering, Scanning electron microscope (SEM) laboratory, Tehran, Iran.
MATERIALS AND METHODS
Cheese whey was obtained from Gela dairy product Industry (Amol, Iran). Whole whey solution was uniformly acidified by acid solution (HCl, 2 N) at acidic pH to remove excessive proteins. The solution was autoclaved at 15 psig, 121°C for 15 min, then cooled down to room temperature, centrifuged at 7,000 x g in sterilized tubes for 15 min to remove aggregated solids. The supernatant (whey supernatant), was refrigerated for 12 h and it was used after fixing pH to 7 by the concentrated NaOH solution (10M), as the major constitutive of media for the ontogeny of microorganism. E.coli was supplied by laboratory of Rohani Hospital (Babol, Iran). The microorganisms were grown in an anaerobic jar vessel. Riboflavin, humic acid and cathodic electron acceptors were supplied by Merck (Germany). These chemicals with low concentration (200 µmol/L and 1g/L) were used as mediators in MFC, respectively. The schematic diagram of the fabricated MFC is shown in Fig. 1 .The fabricated cells in the laboratory scale were made of glass (Plexy) material. The volume of each chamber (anode and cathode chambers) was 910 mL with working volume of 800 mL. Sampling access port was provided for the anode, input wire point and the inlet. The selected electrodes in MFC were graphite in size of 40 × 90 × 3 mm. Proton exchange membrane (PEM, Nafion 117, Sigma-Aldrich) was used to separate the two compartments. All chemicals and reagents used in the experiments were analytical grade and supplied by Merck (Germany). PH-meter, Hana 211 (Romania) was a model glass electrode used to measure pH levels in the aqueous phase. DNS method was developed to detect and measure substrate consumption using colorimetric method (Thomas and Chamberlin, 1980) and cell growth was also monitored by optical density using spectrophotometer (Unico, USA). Also, sodium disulfite (1g/L) was added to anode compartment to minimize oxygen crossover phenomenon during operation that can result in a loss of electron donor due to aerobic respiration by bacteria like E.coli, lowering overall Coulombic efficiency. As it is known, this is the first time of using sodium disulfite as an initiative work in MFCs. Also, a further study with more focus on sodium disulfite is, therefore, suggested.
The medium and inoculum preparation
The medium prepared for seed culture consisted of glucose, yeast extract, NH 4 Cl, peptone: 10, 1, 0.5, and 1 g/L, respectively. The medium was sterilized, autoclaved at 121°C and 15 psig for 20 min. The treated whey was used as carbon source and the whey's carbohydrate was considered lactose. The medium Int. J. Environ. Sci. Tech., 8 (4), 823-830, Autumn 2011 pH was initially adjusted to 7 and the inoculum was introduced then the culture was incubated at 30 °C. E.coli was fully grown for duration of 24 h in 100 mL flux without any agitation. Samples were drawn in interval of 4 h and substrate consumption was analyzed based on reduced sugar by Dinitrosalicylic acid (DNS) method (Thomas and Chamberlin, 1980) .
Nafion proton exchange membrane and electrodes pretreatment
Nafion was subjected to a course of pretreatment to take off any impurities that were simmering the film for 1h in 3 % H 2 O 2 , washed with deionized water, 0.5 M H 2 SO 4 and then washed with deionized water. The anode and cathode compartments were filled by deionized water when the MFC was not in use to maintain membrane for good conductivity. Electrodes were also subjected to a course of pretreatment that was soaking in 100 % ethanol for 45 min and in 1 M HCl for 1h. After each use, the electrodes were washed in 1.0 M HCL followed by 1.0 M NaOH, each for 1h, to remove potential metal and organic contamination then stored in distilled water before use (Chae et al., 2008) .
Data acquisition system
Analog digital data acquisition was fabricated to register data point in every 6 s. The system had measurements for variable resistances which were imposed to the MFC. The current in MFC was recorded, dividing the obtained voltage by the defined resistance. Then, the system provides power calculation by multiplication of voltage and current. In addition, the online system determines polarization graphs for power generation and MFC voltage with respect to current. The online system can operate automatically on manually while it operates in auto-mode, the assembled relays are able to regulate automatically the resistances. Voltage of MFC was amplified and then data was transmitted to a microcontroller by an accurate analog to digital converter. The microcontroller also sends the primary data to a computer by serial connection. Moreover, special function of MATLAB software 7.4 was used to store and synchronically display the obtained data.
RESULTS AND DISCUSSION
The schematic diagram of the fabricated MFC cell shown in Fig. 1 , was used for power generation using whey as carbon source. The low-cost feed source was used for power production. The role of mediators as electron shuttle was investigated. Fig. 2 shows opencircuit voltage recorded for the MFC in period over 90 h. Initially, the voltage was less than 400 mV and then gradually increased. At this stage, carbon sources are utilized and products are formed. After 60 h of operation, Open-circuit voltage (OCV) reached to a maximum value of 751.5 mV. The OCV was completely stable for more than 24 h. Finally, rapid utilization of substrate and accumulation of products may lead to stationary phase where the cell density and voltage remains constant. After 30 h, cell may start to die as the cell growth rate balances the death rate. It is well known that the biocatalytic activities of the cell gradually decrease as they age. In other words, the instability was a result of lactose depletion in the anode compartment after 30 h. Figs. 3a and 3b show polarization curve presence of Riboflavin and humic acid as mediator without using any catholyte. Figs. 4, 5, 6 and 7 show polarization curves measured in presence of KI, Ca (NO 3 ) 2 .4H 2 O, MnCl 2 .4H 2 O and FeCl3 (É É É). The presented data show power and voltage with respect to current generated in the MFC without using any magnet stirrer or buffer solution in cathode compartment. These figures (polarization curves) are documented to show the effect of applied chemicals in power generation. Maximum power generation and current among these catholytes were 324.8 µW and 1194.6 µA, respectively. Mediators are ordinarily employed to enhance the performance of MFC (Logan, 2004) . Electron transfer in anode compartment was promoted by two types of mediators in the present MFC. Riboflavin and humic acid were selected as a mediator in MFC with concentration of 200 µmol/L. The mediator in MFC had augmented the power production and cell current. Riboflavin increased the power and current to 3.3 µW and 18 µA, respectively. Fig. 3b presents a few folds increased in power and current production by using humic acid as a suitable mediator. The power generation and current production in presence of humic acid was higher than Riboflavin. Maximum power generation was 6.75 µW while the current was boosted to the highest value of 34.4 µA. Moreover, the effect of four cathodic electron acceptors was investigated. The results of present polarization Int. J. Environ. Sci. Tech., 8 (4), 823-830, Autumn 2011 Fig. 7 : Polarization curve presence of FeCl 3 (ΙΙΙ) as catholyte 8a, 8b and 8c show SEM images. These images demonstrated microorganism and impurities grown on graphite surface. As electrode surface has an important role on MFC efficiency, it is recommended to retreat electrode with that applied method in this paper to surmount efficiency. In addition, the images of the surface characteristic of graphite plate electrode with magnification of 2500, 5000 and 10000 was obtained successfully by SEM. Graphite electrode was removed at the end of experiment and cut into pieces of about 1×1 cm for SEM analysis.
Figs 8a, 8b and 8c show the outer surface of the graphite electrode with mentioned magnification respectively. SEM images demonstrated microorganism has grown and impurities accumulated on the graphite surface.
CONCLUSION
MFC will be a reliable method towards sustainable energy generation soon. These results are promising findings to continue the research of MFC technology using treated whey. Bioelectricity generation was successfully achieved in the MFC. Whey was used as carbon source for production of bioelectricity from E.coli. The MFC performance was enhanced using chemical mediator. Humic acid served as suitable mediator and enhanced the electrical energy. Furthermore, the power and current production was increased to 324.8 µW and 1194.6 µA, respectively. The two-chambered MFC with dairy industry wastewater and E.coli demonstrated their potential for electricity generation. It was also shown that FeCl 3 (É É É) is a beneficent electron acceptor to ameliorate efficiency in cathode compartment. In addition, the biocatalytic activities of the cell gradually decreased as a result of lactose depletion in the anode compartment. A future work will be done on other technical aspects as well as new developments in the MFC field with treated whey and four chemicals as electron acceptor in cathode compartment of such MFC. According to SEM images, pretreatment of electrodes are needed for the next operation. 
